Aims. Period study of 321 fundamental mode RR Lyrae type stars (RRab), which had appropriate data in ASAS and SuperWASP surveys, was performed to complement and extend the list of known Blazhko stars in galactic field with bright stars up to 12.5 mag in maximum light.
Introduction
Data from automatic sky surveys provide an invaluable opportunity for finding new variables and for long-term monitoring of the sky. The most extensive survey of Galactic field variable star research are without doubt Polish ASAS (All Sky Automated Survey; see e.g. Pojmanski 1997 Pojmanski , 2002 and SuperWASP (Super Wide Angle Search for Planets, hereafter SW; Pollacco et al. 2006; Butters et al. 2010 ) managed by the University of Leicester. Both projects have been run for several years.
Field RR Lyraes have been studied many times on the basis of various sky surveys. Among others, Kinemuchi et al. (2006) and Wils et al. (2006) utilized data from Northern sky variability survey (NSVS, Woźniak et al. 2004 ), e.g. Kovács (2005) , Szczygieł et al. (2009) studied RR Lyraes based on ASAS data, and Drake et al. (2013) dealt with RR Lyraes measured in Catalina sky survey 1 . Probably the most precise ground-based survey data were provided by the Konkoly Blazhko survey, which have been operated since (e.g. Jurcsik at al. 2009a Sódor 2007; Sódor et al. 2012) .
Crucial advances in Blazhko effect research have been made recently by space missions CoRoT and Kepler. Ultraprecise data provided by these space telescopes allowed findings of, say, cycle-to-cycle variations now known as period 1 http://www.lpl.arizona.edu/css doubling Kolenberg et al. 2010; Benkő et al. 2010) or long-term changes in the Blazhko effect and excitation of additional modes (Poretti et al. 2010; Chadid et al. 2010; Guggenberger et al. 2012) .
Large samples of Blazhko RR Lyrae stars in galactic bulge were also studied in the framework of MACHO and OGLE surveys (Soszyński et al. 2011; Moskalik & Poretti 2003) . Since the stars in the bulge are faint and are not included in ASAS or SW surveys, we did not deal with them.
Special papers based on ASAS data, which are at least partially devoted to Blazhko stars in our Galaxy, were published by Kovács (2005) , Wils & Sódor (2005) (hereafter WS05), and Szczygieł & Fabrycky (2007) (hereafter SF07) , who all revealed many new Blazhko variables and gave a list of them. An extensive study of the Blazhko effect is presented in the paper of Le Borgne et al. (2012) , which is based on observations made with TAROT telescopes (Klotz et al. 2008 (Klotz et al. , 2009 ). Le Borgne et al. (2012) also made use of O − C information stored in the GEOS RR Lyr database (Le Borgne et al. 2007 ) and gave a list of galactic field Blazhko stars. A regularly updated database of known Blazhko RR Lyraes situated in the galactic field (BlaSGalF, Skarka 2013) 2 recently contained about 270 objects.
There are a few studies of particular RR Lyraes proceeded from SW mesurements, e.g. the TV Boo study made by Skarka & Zejda (2013) , or Srdoc & Bernhard (2012) , who revealed the Blazhko effect in GSC02626-00896, but a comprehensive study of RR Lyraes based on SW data has not been performed yet.
RR Lyraes with appropriate ASAS and SW data were in the spotlight. The goal was to search for the presence of the Blazhko modulation and to describe its characteristics (pulsation and modulation periods and multiplicity/irregularity of the modulation). We applied commonly used techniques of light curve and frequency spectra examination to complement and extend the list of known Blazhko stars with bright RR Lyraes (up to 12.5 mag in maximum light). To be as precise as possible, we carefully cleaned and analysed each light curve and frequency spectra individually.
The data

Data characteristics
Both ASAS and SW data are products of measurements with low-aperture telescopes. ASAS uses Johnsons V and I filters, while SW telescopes are equipped with a broad-band filter (from 400 to 700 nm) (Pojmański 2001; Pollacco et al. 2006) . The typical scatter of points is difficult to define, because it changes from target to target. In the case of ASAS it is from about 0.02 to 0.1 mag, while SW scatter extends from 0.007 to 0.04 mag for our sample stars. Also the time span and the distribution of the data differ for both surveys and various targets.
ASAS data typically cover a few years (up to year 2009) with point-to-point spacing between two and four days with only small gaps between observational seasons. Typical sampling of SW data points is between five and twelve minutes. Therefore SW data are generally more numerous and more dense than ASAS data, but they typically span only one or two seasons 3 (see last columns in Tables 1-5 ). These characteristics resulted in a typical Nyquist frequency from 0.17 to a few tens for ASAS and in 100 to more than 1000 c/d in the case of SW. For differences between ASAS and SW data see fig. 1 , where data for RY Col are plotted with their spectral windows.
Sample selection and data cleaning
The basic set of the stars originated in the GCVS catalog (Samus et al. 2012) , which contains 512 stars of RRab type brighter than 12.5 mag in maximum. This magnitude limit was chosen to analyse only stars with the best data quality -the scattering of data points over 13 mag rapidly increases. The list extracted from GCVS was completed with 82 stars, which did not have a GCVS designation in 2012 and which were taken from SF07 and Szczygieł et al. (2009) . There were data for 475 stars available in the ASAS database, and for 243 RR Lyrae stars in the SW archive. Data of 161 stars appeared in both the ASAS and SW archives. This means that a total of 557 stars remained for further analysis.
Unfortunately, data from automatic surveys are often very noisy and of bad quality. Therefore we first looked for ephemeris of the stars in the Variable star index, VSX (Watson et al. 2006) to be able to construct phased light curves. This was done to quickly check the quality of the data. In many cases, the periods that we found were not current. Therefore we were forced to 3 with few exceptions, which cover three years HJD -2453000 Fig. 1 . Differences between ASAS (left column) and SW (right column) data of RY Col together with their spectral windows (bottom panels). ASAS data are more or less uniformly distributed, while SW data show a large gap between observing seasons. Both spectral windows are dominated by strong daily aliases. Except these, SW data suffer from additional artefacts, namely from yearly aliases.
update and roughly estimate the actual pulsation period. For this purpose, as for all our other period analyses, Period04 software (Lenz & Breger 2004 ) was used.
In the case of ASAS survey, only the best quality V-data (with flags A and B) were used. Following Kovács (2005) , ASAS V magnitude was calculated as the weighted average of five values in different apertures using
Only light curves with more than 200 points from ASAS and with more than 1000 points from SW were left in the sample for further investigation. Once the phased light curves were prepared, we briefly surveyed them to immediately discard stars whose data, at a glance, were very noisy. Remaining light curves were then fitted with the sum of sines and points that were farther away than 0.5 mag from the fit were automatically removed. This procedure guaranteed that real outliers were eliminated and points scattered by a possible Blazhko effect remained in the dataset. A careful visual examination of all light curves was then applied, and points, which were unambiguously caused by noise, were manually deleted. In the case of SW stars, we also visually scanned time series nightby-night and removed outliers, as well as entire noisy nights. Figure 2 shows steps in the cleaning process in the case of V559 Hya.
SW data often contained vertically shifted multiple points. This was the consequence of simultaneous imaging of the target by a few cameras. To avoid using such data, the information about the position of the star on the chip ( fig. 3 bottom panels) was utilized. If the separation of the data from two cameras was impossible, each star with a vertical separation of points larger than 0.01 mag was discarded. This was the case, for instance, for DM And ( fig. 3 ), which shows previously unknown modulation.
Fig. 2.
Steps in the cleaning process in V559 Hya. There are raw SW data folded with the main pulsation period taken from VSX on the top panel. The middle panel shows phased data after cleaning process. The bottom panel is a sample of one of omitted nights, which was discarded due to poor quality of the data.
Several targets from SW underwent vertical shifts of points taken in different seasons (as the third season of DM Cyg, fig.  3 ). If so, seasons were phased separately, and the light curves were fitted with the sum of sines to get zero points. Afterwards, the points from different seasons were shifted to fit one each other. This procedure was used in the case of U Tri, among others, and magnitudes of the first part of the dataset were decreased by 0.09 mag. In some cases, vertical shifts were present even in one season. In such cases, we removed the whole season from the dataset. If all seasons underwent shifts, the star was discarded from our sample. Only 321 variables met all the above-mentioned criteria and were accepted for further analysis.
3. Light curve and frequency spectra examinationlooking for the Blazhko effect
Introductory remarks on the Blazhko effect
The manifestations of the Blazhko effect 4 , which is usually defined as phase and/or amplitude modulation of the light curve with periods between a few days and several thousand days, can be very heterogeneous and in many cases are difficult to uncover. The most conspicuous feature of the Blazhko effect is the change in amplitude of the light variations, which can be more than 0.5 mag (e.g. XY Eri or IK Hya, Le Borgne et al. Borgne et al. 2012; Guggenberger et al. 2012) .
When analysing the frequency spectra of Blazhko stars, we can expect characteristic structures to be present. Firstly, the Blazhko effect manifests itself as an additional peak f BL in the range of ∼0.0001 to 0.2 cycles per day 5 . But, the most prominent features of Blazhko-frequency spectra are characteristic series of equidistant peaks around basic pulsation frequency and its harmonics (k f 0 ± l f BL , where f 0 is the basic pulsation frequency and k and l are integers) with rapidly decreasing amplitudes. In data with limited precision, multiplets can be strongly reduced by noise and only the highest peaks are found. In such a case, we observe only triplets or even doublets. In contrast to limited ground-base observations, in data gathered from space, high-order multiplets are observed (e.g. in V1127 Aql, where sepdecaplets (l = 8) were identified Chadid et al. 2010 ).
Multiplets must not be strictly equidistant and side peaks do not have to have the same amplitude -it depends on many factors, mainly on the mixture of amplitude and frequency modu-lation (for more details see Benkő et al. 2011) . In addition, recent studies have shown that the Blazhko effect can be multiple (e.g. like CZ Lac Sódor et al. 2011 ), a very irregular and complex phenomenon affected by long-term and/or sudden changes, as in RR Lyrae itself, where a four-year long cycle was found, during which pulsation and modulation characteristics are changing (Detre & Szeidl 1973; Kolenberg et al. 2011b; Stellingwerf et al. 2013) . During this long cycle, the Blazhko effect can almost disappear.
Another examples of complexity of modulation show CoRoT 105288363 and V445 Lyr, which seem to undergo drastic changes in their Blazhko effect (Guggenberger et al. 2011 (Guggenberger et al. , 2012 . Changing Blazhko modulations like these, especially strong ones like in V445 Lyr, will lead to a different frequency pattern with more peaks than the normal multiplet. There will be additional peaks or even additional multiplets in cases with an irregular or changing modulation.
All these illustrations demonstrate the variety and complexity of the Blazhko effect. Especially when analysing data from ground-base automated surveys, one should be very careful when identifying the Blazhko effect and interpreting the frequency spectra. It is very difficult to distinguish between longterm Blazhko modulation, period changes and multiple or irregular modulation, because all these processes produce additional peaks close to the basic pulsation components. If the data are of bad quality or are badly distributed or if the observations are not sufficiently spread out in time, the presence of the Blazhko effect in frequency spectra could even stay hidden.
Although astronomers have known about the existence of the Blazhko effect since the beginning of the 20th century and much progress have been made (e.g. revealing period doubling by Szabó et al. 2010 ), a suitable physical explanation is still not available. For more information about the Blazhko effect and proposed models in general see e.g. Kovács (2009) , Kolenberg (2011a) , and references therein.
Methods of searching for the Blazhko effect
Searching for the Blazhko effect actually started during the cleaning process when phased light curves were examined. High-amplitude modulation was easily resolvable by a fleeting glance at the data. Our methods, inspired by methods used e.g. in Alcock et al. (2003) , WS05, and Le Borgne et al. (2012) , can be summarized in four points:
Phased light curve visual examination -visual inspection
of the phased light curve to reveal a characteristic scattering around maximum light. 2. Frequency spectra analysis with Period04 -frequencies were fitted independently; i.e., we scanned for frequencies with the highest amplitude and subsequently subtracted them. This was done in the range of 0 − 30 c/d down to the signal-to-noise ratio (S /N) of the peaks higher than four 6 . We searched for the manifestation of the Blazhko effect in the vicinity of the main pulsation components, as well as for the presence of the Blazhko peak itself (in the range of ∼0.0001 to 0.2 c/d). All uncertainties were estimated using Period04 tools. 3. Checking of residuals -In stars with only basic pulsation components in frequency spectrum, residuals after prewhitening were visually inspected to see whether there were any typical inhomogeneities possibly caused by the Blazhko effect.
Each star was analysed on an individual basis without any automatic procedures (except outliers removing and prewhitening of the frequency spectra). We maintained permanent visual supervision of all steps to avoid omitting any possible sign of the Blazhko effect. A candidate was marked as a Blazhko star only if we were able to find the modulation period or if there was no doubt about the Blazhko effect. Some exceptions, e.g. LS Boo, are discussed in sects. 4.3 and 5.1.
As an example of the procedures used, the analysis of HH Tel ( fig. 4 ) is demonstrated. This star was revealed to be a new Blazhko star. Data from both surveys are plotted at the top in the first two columns of fig. 4 . We can see a weak sign of the modulation around maximum light (especially in SW data). This indicated that the Blazhko effect might be present. Frequency spectra analysis down to S /N = 4 unveiled only the main pulsation components. After prewhitening peaks that could possibly be caused by the Blazhko effect ( f 0 ± f Bl ) were identified, but they are of very low amplitude with S /N ∼ 3 ( fig. 4 two left bottom panels). No distinct peak in the range of ∼0.0001 to 0.2 c/d was noted.
Therefore, searching for additional peaks in the frequency spectra of the light curve had ambiguous success. But the SW residuals (right bottom corner of fig. 4 ) showed a tell-tale characteristic of the Blazhko effect: typically scattered points around the position corresponding to ascending branch and maximum light.
The last step was to determine the modulation period. For this purpose, the times (T max ) and brightnesses of maximum light (Mag max ) were used. Period analysis of such data directly revealed a modulation period of 133(9) d, while weak peaks identified in Fourier spectra of the light curves gave values 143(1) d and 123(5) d for ASAS and SW data, respectively. All values are very inaccurate, which is due to the limited time scale of SW data (only one Blazhko cycle) and due to the imprecision of ASAS data.
At that stage we were able to construct Blazhko phased light curves (first two columns in the middle of fig. 4 ) to check for the correctness of the value we found. SW data showed a typical 'Blazhko'light curve, while there was no sign of modulation in the ASAS Blazhko light curve 7 . HH Tel was chosen intentionally to show that it is very problematic to decide the Blazhko nature of this star based on ASAS data alone, while there is no doubt about the modulation in SW data. The example of HH Tel clearly shows that many unveiled Blazhko stars could remain in the ASAS database.
Blazhko stars from ASAS
Known Blazhko stars
A review of 62 previously known Blazhko stars contained in our ASAS sample is given in Blazhko periods found by WS05 and SF07 are also given (5th and 6th column). These are naturally very similar to ours, because we studied the same, but more extended data. Therefore, with respect to periods, only a revision of the ASAS data was actually performed.
Epochs given in Table 1 are not times of maxima, which are usually given, but they are arbitrarily chosen to obtain Blazhkophased light curves, as well as the light curves phased with the main pulsation period, with the maximum around the zero phase. The amplitudes A + , A − of the side peaks f ± = f 0 ± f BL corresponding to the Blazhko period P BL are in 7th and 8th columns and their ratio (A + /A − ) in 9th column, respectively. All given Blazhko periods in the study correspond to the side peak with the highest amplitude in frequency spectrum. Label 'n'denotes the number of points used and 'T S 'their time span.
Eight of these stars (marked by an asterisk) showed additional peaks close to the basic pulsation components, which could possibly point to irregularity in modulation, period changes, or multiplicity of a modulation. The modulation periods for VX Aps, GS Hya, and AS Vir were estimated for the first time. The only equally spaced quintuplet was identified in RS Oct ( fig. 5) .
Modulation of some known Blazhko stars was not detectable in the ASAS sample. RZ Cet, RV Sex, V413 Oph, BB Vir, SW Cru, V Ind, and Z Mic were only proposed to show modulation with no amplitude or period of modulation determined (Kovács 2005; Samus et al. 2012; For et al. 2011; Jurcsik & Kovács 1996) . Either they are stable or their modulation is of low amplitude. In V672 Aql we found a possible Blazhko period of 425.8 d, but the peak had S /N < 4 and corresponding phase plot looked unconvincingly. Modulation of SS Cnc, BR Tau, RY Com, and U Cae was undetectable due to limited precision of ASAS data. VX Her was studied by Wunder (1990) of VX Her was detected even in SW data. This could possibly be the consequence of ceasing Blazhko effect. We should also mention AE PsA, which was a suspected Blazhko star with period 5.78 d (SF07). Frequency analysis exposed a peak with f = 2.0027 c/d corresponding to a 5.78-day period, but this was probably a false peak, because it was close to a one-year alias of f = 2 c/d.
Stars suspected of multiple/irregular modulation and IK Hya
In the bottom part of Table 1 there are six stars we suspect of some peculiarity in their modulations. All these stars showed additional peaks around f 0 probably related to an additional modulation component. This behavior was described, for instance, in XZ Cyg (LaCluyzé et al. 2004 ), UZ UMa (Sodor et al. 2006) , CZ Lac (Sódor et al. 2011) , or more recently in V445 Lyr (Guggenberger et al. 2012) . We also identified expected peaks around 2 f 0 , which was a necessary condition to mark the stars as multiply modulated. Unfortunately, except for SU Col, these peaks had low amplitude under the confidence limit S /N > 4. Prewhitened frequency spectra of these stars in the vicinity of f 0 and 2 f 0 with identification of the peaks are plotted in fig. 6 . There are also phase-plots corresponding to suspected modulation periods in fig. 6 . SF07 identified SU Col as triple-modulated star. Peaks corresponding to periods 65 and 89 d (see fig. 6 ) were easily identified, while our analysis did not show any sign of the supposed 29.5-day period (the positions of peaks referring to this period are marked by an arrow in fig. 6 ). Residuals around additional peaks seem to be quite high, which can indicate that more peaks can be present but undetectable in the dataset. This, along with the absence of 29.5-day peak, could suggest that the Blazhko modulation of SU Col is irregular and changing.
A very interesting case of a possibly multiple/irregularlymodulated star is IK Hya (fig. 7) . Its frequency spectra are somewhat confusing. There are two strong triplets ( f m1l , f 0 , f m1r and f m2l , f 0 , f m2r , where indexes l and r mean 'left'and 'right', f m1r = f 0 + f m1 , f m1l = f 0 − f m1 and similarly for f m2l and f m2r ). Frequency f m1 corresponds to a 71.81-day known period, f m2 holds for the newly determined period of 1403 d. The spacing of the closer triplet was almost identical; i.e., ∆ f = ( f m2r − f 0 ) − ( f 0 − f m2l ) = 4 · 10 −5 , while the offsets of wider peaks from f 0 were identical only roughly (∆ f = 6.9 · 10 −4 ). This discrepancy resulted in an inequality of the first modulation period based on the left peak (75.57 d) and the right peak (71.81 d). Thus, these peaks might indicate two independent periods or limiting values of changing modulation period. This is supported by the identification of symmetric counterparts of f m1l and f m1r with respect to f 0 , which we found in frequency spectra, but which had amplitudes close to S /N = 4. The difference between the right-hand-side peaks f m1r and f m2r nearly equals f 0 − f m1l , in other words 75.57 −1
71.81
−1 + 1403 −1 . This means that we actually observed one narrow triplet f m2l , f 0 , f m2r and two doublets (one on each side of f 0 ) with spacing corresponding to 1403-d period. This could indicate a 1403-day long-term cycle, during which the Blazhko and pulsation characteristics are changing similarly to the four-year cycle of RR Lyr (Detre & Szeidl 1973; Stellingwerf et al. 2013) . A very interesting and possibly important thing is that the long period (1403 d) is very close to half of the beating period of 75.57 d and 71.81 d periods, which is 2886 days.
In SW data only one slightly asymmetric triplet (Blazhko effect with period 73.2 d) was identified. This period would support the theory of changing Blazhko effect of IK Hya rather than compound modulation with three periods. With ASAS and SW data, it is impossible to perform a more detailed analysis. Therefore, IK Hya is an object that deserves to be investigated much more closely with larger telescopes than for automated surveys.
New Blazhko stars
There are 19 new Blazhko stars in Table 2 , which were not identified by WS05 or by SF07. Only two of the newly revealed Blazhko variables showed a triplet structure, which is probably a consequence of weak Blazhko effect manifestation. V784 Oph is actually not a new Blazhko star, because we discovered the modulation at the same time as de Ponthiere et al. (2013) , who identified its multiple modulation (our analysis showed only simple modulation).
In the case of LS Boo, XZ Mic, and HH Tel, their modulation periods are based on the side peaks with S /N slightly lower than 4, but their Blazhko phased light curves look good ( fig. 9 ). Comparing the Blazhko periods of HH Tel and of XZ Mic with values coming from the SW data ( Table 5 ) we see that they are real and nearly have the same value. This raises the question, if the significance condition S /N > 4 should not be lowered 8 . HH Aqr have a somewhat uncertain Blazko period, because it is longer than the time span of the data.
Frequency analysis of UY Boo showed, except for the modulation side peak, also another additional peak, which corresponds to the period 1976 d. This is probably the consequence of its peculiar period changes (Le Borgne et al. 2007 ). The Blazhko effect of stars in Table 3 is somewhat ambiguous. These eight stars are candidate Blazhko variables. They show scattering around maxima ( fig. 8 ), but not necessarily due to modulation -it can simply be the consequence of the scattering. There were peaks with S /N < 4 identified in the Fourier spectrum of CS Ser, which could be caused by the Blazhko effect with period 118.3 d. Similar to the aforementioned cases of HH Tel and XZ Mic with the same characteristics, these peaks probably are real manifestations of the modulation.
Blazhko stars from SW
Known Blazhko stars
After a pre-selection of 243 RR Lyraes from SW data we obtained 106 stars for further analysis. Twenty-eight objects were proposed to show the Blazhko effect. For six of them (SW And, Table 4 . Known Blazhko stars from our SW sample. References.
(1) Lee & Schmidt (2001) ; (2) OV And, V Ind, U Tri, RY Com, and AR Per), no significant indication of the modulation was found. In RY Com and AR Per, this was due to limited precision of used data, because they are modulated stars (Jurcsik at al. 2009a; Watson et al. 2006 ). Twenty-two remaining known Blazhko stars are listed in Table 4 . The fifth column gives the modulation period based on frequency analysis (P Table 1 . An asterisk in the first column (if present) indicates that the data were also available in the ASAS survey. The times (T max ) and magnitudes Mag max of maxima (Table 5) can be found in electronic form as an on-line material at the CDS portal.
Frequency spectra of almost all SW stars were affected by artificial effects, such as small shifts in the data from different nights or by gaps between observations, which resulted in additional peaks near f 0 with no clear interpretation. Peaks corresponding to the time span of the data occurred frequently. In XZ Dra and BR Tau, the Blazhko effect was not detected in their frequency spectra, but it was noted in the change of maximum magnitude. V1645 surely showed modulation, but SW data were in this case insufficient for determining the Blazhko period.
SW Stars suspected of multiple/irregular modulation
Four known Blazhko variables in our SW sample were identified as stars with multiple modulation (the bottom part of Table 4 , fig. 10 ). RS Boo, RW Cnc and RW Dra were suspected of such behaviour in the past; RX Col is a newly discovered as multiple modulated star (it was known as single-modulated star).
The Blazhko period of ∼533 d of RS Boo has been known for a long time (Oosterhoff 1946) , but there have been some indications of additional periodicity. Kanyo (1980) reported another period in the range of 58-62 days, but Nagy (1998) did not observe it. There was no indication of a 533 d period in SW dataprobably due to the time span of only 133 d. During the analysis we revealed a period of 62.5 d, which is close to the period noted by Kanyo (1980) . Except for this period we also noted obvious indications of a period of 41.3 d. Smith (1995) was also not observed.
RW Dra was found to be multiple-modulated by Balazs & Detre (1952) . A Blazhko period of 41. These four stars have a very interesting feature -the modulation periods are very close to a resonance with small integers: (P m2 /P m1 ) RS Boo = 1.513 3:2; (P m1 /P m2 ) RW Cnc = 1.331 4:3; (P m1 /P m2 ) RX Col = 1.685 5:3 and (P m2 /P m1 ) RW Dra = 1.753 7:4. In the ASAS stars only the modulation periods of SU Col approximate the resonance 4:3 (P m2 /P m1 = 1.369). This seems very odd. Either the resonances are some strange consequence of SW data or the stars behave similarly to CZ Lac, where resonances of the modulation periods were also observed (Sódor et al. 2011) .
New Blazhko stars from SW
Nine new, previously unknown single-modulated Blazhko stars, were identified in our SW sample (Table 6, fig. 12 ). For six of these stars (marked by an asterisk) ASAS data were also available. Three stars showed double modulation or some peculiarity in their Blazhko effect.
RZ Cvn ( fig. 11 ) seemed to change its Blazhko period. In the first part of the used data (between HJD 2453130 and 2453249), the Blazhko period was 33.35 d (29.6 d on the basis of maxima analysis), the amplitude of the modulation was 0.104 mag (peak to peak) and A 1 = 0.339 mag, while between HJD 2454135 and 2454266, the Blazhko cycle lasted 33.26 d (33.4 d based on maxima analysis). The amplitude of the modulation was almost twice as big as in the first part (0.192 mag) and A 1 = 0.363 mag. The basic pulsation period also changed slightly (0.567411 vs. 0.567418 d). Similar behaviour is known in, say, XZ Dra (Jurcsik et al. 2002) or RV UMa (Hurta et al. 2008) . We point out that in the case of RZ CVn, the Blazhko periods determined on the basis of maxima analysis offer better confidence.
The second multiple-modulated star, AG Her, shows possible resonances of its modulation periods (P m1 /P m2 ) AG Her = 1.659 5:3 similar to RX Col, and another three stars discussed in previous section. AE Scl was identified as single-modulated in the ASAS data set.
Statistics of the Blazhko variables in the sample
From the sample containing 321 RRab type stars, one hundred objects were identified as Blazhko variables. This means that the incidence rate of Blazhko stars among RRab sample stars was 31 %. If we include certain Blazhko variables, whose modulation was not detectable (5), this percentage would grow almost to 33 %. If Blazhko candidates (8) are also taken into account, this rate would be 35 %. Finally, if all suspected stars are included (18 instead of 5), the percentage would be 39 %. In addition, it is likely for this number to be slightly higher, in fact, because the modulation of a number of stars with low modulation amplitude might remained uncovered.
Compared to incidences 5.1 % (SF07) and 4.3 % (Wils et al. 2006 ), our percentage is significantly higher and roughly approximates the percentage based on precise measurements -48 % ) based on Kepler data, or 47 % (Jurcsik at al. 2009a) , who utilized precise ground-base observations.
Our incidence is also higher than in LMC (20 %, Soszyński et al. 2009 ) or than in SMC (22 %, Soszyński et al. 2010) . In the Galactic bulge this rate is about 25 % (Mizerski 2003) . It is worth mentioning that these numbers almost doubled during the past few years owing to more sensitive analysis techniques and an increase in the time span of the data. It is likely that these numbers will also increase slightly in future works.
About 60 % of confirmed Blazhko variables were of BL2 type 9 . Considering ASAS and SW surveys separately, this rate 9 Peaks related to the modulation distributed on both sides of basic pulsation components (Alcock et al. 2003) Table 6. was 48 % (ASAS) and 76 % (SW). Several stars in the SW sample turned out to be of BL2, while in ASAS they were BL1 type. This finding clearly shows that classification of the stars based on their side-peak distribution strongly depends on data quality and should not be used when analysing low-quality data, which is known (Alcock et al. 2003) . In addition, ultra-precise space measurements showed that almost every modulated star 10 has peaks on both sides. Our recommendation is also supported by the fact that the percentage of stars, which show A + /A − > 1, was about 89 % in our ASAS sample contrary to 51% given by SF07.
The distribution of newly discovered Blazhko variables in P BL vs. P puls diagram displayed in fig. 14 is random, and no dependency between the pulsation and Blazhko periods was found, as expected.
Twelve stars in our sample turned out to be multiplemodulated and/or with changing Blazhko effect, which is 12 % of all studied Blazhko stars. Until today only a few stars have been known to show such behaviour. Again, it is very likely 10 V2178 and V354 Lyr are possibly of BL1 type . that compound modulation is more common than astronomers thought and that the number of known multiple-modulated stars will increase in future analyses.
Conclusions
A period study of 321 fundamental mode galactic field RR Lyraes with brightness at maximum light higher than 12.5 mag was performed based on available data from the ASAS and/or SW database. These stars were chosen from a more extended sample consisting of 557 stars after careful pre-selection based on conditions described in sec. 2. Each light curve was cleaned and analysed individually. In addition, each frequency spectrum was scanned through careful visual inspection to avoid omitting any sign of the Blahzko effect.
One hundred stars were identified and confirmed to be Blazhko variables (25 previously unknown). Eight stars, marked as Blazhko candidates, showed some ambiguous indications of modulation like characteristic scattering around maximum of phased light curve. In contrast no indication of the Blazhko be-haviour was found in 18 stars, which were supposed to be modulated. However, five of these eighteen stars are certain Blazhko variables, but with too small amplitude of modulation to be detectable in ASAS or SW data.
The incidence rate of RRab Blazhko stars from our analysis is at least 31 %, which is a much higher percentage than given by previous studies based on data from surveys with similar data quality. This increase would be logically expected, since more time-extended datasets were examined (in many cases simultaneously in ASAS and SW surveys). However, it is still less than the incidence rates determined in the framework of precise ground-base and space surveys. With certainty there remained undetected low-amplitude Blazhko variables, as well as stars with the shortest and the longest modulation periods, simply due to nature of the data from ASAS and SW surveys.
A surprising result was a very high incidence of stars with some peculiarity in their Blazhko effect -each eighth star of our Blazhko sample showed signs of the changes in Blazhko effect or compound modulation. An interesting examples are IK Hya and RZ CVn. Both stars probably undergo changes in their pulsation and modulation characteristics. IK Hya could be another star with a few-year-long cycle analogical to four-year cycle in RR Lyrae itself. Five of ten identified multiple-modulated stars showed the ratio between their modulation periods in ratio of small integers.
Our study confirmed that classification and statistics of modulated stars according to their side peaks, which are based on low-quality data, are not reliable. It was also shown that the sensitivity of automatic procedures used to identify the Blazhko effect is insufficient -one fourth of the Blazhko variables were identified for the first time. It is likely that the incidences and characteristics of Blazhko variables identified in other surveys (e.g. in LMC based on OGLE, Alcock et al. 2003) could be slightly different than proposed. Our conclusions should serve as a challenge for developing better tools for automatic data analysis, because a manual examination of many thousand stars is impossible to perform. Fig. 6 . Four stars from our ASAS sample with double/irregular modulation. The first column depicts Fourier transform in the vicinity of f 0 after prewhitening with the main pulsation components and data phased with period corresponding to f m1 . There is the vicinity of 2 f 0 and phase plot according to the second modulation period (related to f m2 ) in the second column. Table 3 . Table 6 and with their frequency spectra in the vicinity of f 0 and 2 f 0 . In Blazhko phased data of AE Scl it is apparent that the second modulation period should instead be 104.7/2 than 104.7 d, but the frequency spectra indicated period 104.7 d. 
